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Liquid discharge head, driving method therefor, and cartridge, and image forming apparatus 

; discharge head comprises discharge 

ports for discharging liquid; electrothermal transducing 
elements arranged to face the discharge ports for gen- 
erating thermal energy utilized for discharging liquid 
from the discharge ports; and a covering layer for cover- 
ing the electrothermal transducing element; residing 
Inclusively between the electrothermal transducing ele- 
ment and liquid. For this liquid discharge head; the gap 
between the o1schaig&|i^and the su rface of the cov- 
ering layer is 34 urn or less, and the thickness of the 
covering layer Is 6.300A or less. Then, the electrother- 
mal :tensducing element generates thermal: energy of 
0.0027 uJ/um 2 or less by the application of single driv- 
ing pulse of 1 .2 us or less for creating film boiling In liq- 
uid to discharge liquid from the discharge port Thus, 
the fluctuation of liquid bubbling on the surface of the 
electrothemnal transducing element Is reduced to stabi- 
lize bub^ e^nbuht ; 
of meniscus retraction - becomes smaller at the time of 
discharge, liquid can return to the surface of the electn>- 
therrnar transducing element quickly so that meniscus 
faces the discharge port, hence making It possible to 
enhance the displacement accuracy of liquid droplets 
on a printing medium for obtaining high quality images 
even when driving is executed at high frequency. 
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Description: 

BACKGROUND OF JHE INVENTION 

5 "Field of *ie Jifjwr^^f .••i't^ 

[0001] The present invention relates to a liquid discharge head for discharging liquid and the driving method there- 
for, and a cartridge formed Integrally with aliquidtank retaining liquid to be supplied to the liquid discharge head. The 
invention also relates to an image forming apparatus to form images on a printing medium. The invention is not only 

w applicable to the printing apparatuses generally in use, but also, to a copying machine, a facsimile equipment provided 
with communication systems, and an apparatus having a printing unit, such a word processor. Further, the invention is 
applicable to an industrial recording system ha^ng varibus processing apparatuses cbrnplexly combined therein, as 
well as to a t^le printing ap and a p^ as to perform etching or the like. 

[0002] Here, the term "printing* or 'recording' used for the specification hereof means not only the formation of 

15 characters, graphics, and other meaningful information, but also, it is meant to Include; in a broad sense, images, 
designs, patterns, or the like formed on a printing medium, and also, to include processes such as etching, irrespective 
of being meaningful or otherwise, or being apparent to be visually recognizable by eyesight, 

[0003] Also, the term 'printing medium' means not only the paper sheet that Is usually used for a printing apparatus 
in general, but it means cloth, plastic film, metallic plate, glass, ceramic, wood, leather, or the like, which Is capable of 
20 receiving Ink. Also, the printing medium may be a three-dimensional object, such as a spherical or cylindrical one, 
besides the one in the form of a sheet 

[0004] Further, the term "liquid" should also be interpreted in a broad sense as in the definition of the "printing (or 
recording)" as described above, and it is meant to include the one used for a printing medium to form images, designs, 
patterns, or the like, or used for etching process of a printing medium or ink processing (such as coagulating or insolu- 
25 bilizing coloring materials In ink td be iised for a printing medium). 

Related Background Art 

[0005] For the liquid jet discharging method of ink jet type which is generally in use at present, there have been 
30 known the methbd that utilizes elertrothermal transducing elements (heaters) as discharge energy generating ele- 
ments used for discharging ink or the process) rig liquid which is used for adjusting the printability of ink on a printing 
medium (hereinafter referred to as collectively "ink* or "liquid" for the convenience' sake in the specification hereof), and 
the method that utilizes piezoelectric elements (piezo). Both of them make it possible to control the discharges of liquid 
droplets by the application of electric signals. 
35 [0006] Now, for example, the principle of ink discharging method that uses electrothermal transducing elements is 
that with the application of electric signals to the electrothermal transducing elements, film boiling is created in ink 
instantaneously in the vicinity of the electrothermal transducing elements, and that ink droplets are discharged at high 
speed by the abrupt development of a bubble created by the phase changes of ink at that time. On the other hand, the 
principle of method for discharging ink droplets by use of piezoelectric elements is that with the displacement of piezo- 
40 electric elements by the application of electric signals, ink droplets are discharged by the pressure exerted when such 
displacement is effectuated. 

[0007] Here, for the former method, there are advantages, among some others, that the space needed to provide 
the discharge energy generating elements can be smaller; the structure of ink jet head is made simpler* and the inte- 
gration of nozzles is easer. However, as the characteristic drawback of this method, the voluminal changes of frying Ink 
45 droplets may ensue from the accumulation of heat in the ink jet head due to heat generated by electrothermal transduc- 
ing elements, and the electrothermal transducing elements are subjected to being affected by cavitation that may be 
brought about at the time of debubbling. 

[0008] one of the ^ drawback described above, there are dsciosed an ink jet printing method 

and an ink jet head in the specification of Japanese Patent Application Laid-Open No. 04-10941. The ink jet head dis- 
50 closed in me sp^ification thereof provided with discharge ports for discharging ink, ink flow paths filled with ink, 
which is communicated with the discharge ports, and the electrothermal transducing elements formed with thin film 
resistive elements prov^ generate thermal energy. Then, when driving pulses are applied to 

them through electric wiring, frierrnal energy is generated, and the film boiling, which has been crated by the thermal 
energy, is developed : Then, utilizing; the pressure of a bubble thus created Ink droplets are discharged from the dis- 
ss charge ports At this Juncture, a bubble is communicated with the air outside. With this printing method, ft becomes pos- 
sible to stabilize the volume of flying Ink droplets, to perform high speed printing using extremely fine ink droplets; and 
to enhance the durability of electrothermal transducing elements by eliminating cavitation at the time of debubbling. in 
this way, highly precise ^ images cen be: d^ 
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[0009] One of the objects of the present invention is to attempt a further improvement of a liquid discharge head for 
tfischarging ;^qutd:k^:use'.bf : a bubble created \^ : ^e^^eher^ry, a whibh enables a: bubble to be communicated with the 

s .. ::aTr outside, arid'al^^^ an image forming apparatus as well. 

[0010] Another object of the invention is to provide a liquid discharge head for discharging liquid by use of a bubble 
created by thermal energy, which Is capable of reducing unexpected non-discharges and the remaining bubble in a liq- 
uid chamber so as to discharge liquid stably from the discharge ports as droplets for the enhancement of displacement 
accuracy of the liquid droplets on a printing medium, hence performing high quality printing with excellent viscous plug 

io : prope rties : as well as to provide the: driving method therefor, a cartridge, and an image forming apparatus. 

[001 1] tt is still another object of the invention to provide a liquid discharge head which comprises discharge ports 
for discharging liquid^ electrotherTTial trarisducing elements arranged to face the discharge ports for generating thermal 
energy utilized for discharging liquid from the discharge ports; and a covering layer for covering the electrothermal 
transducing element, residing inclusively between the electrothermal transducing element and liquid: For this liquid dis- 

15 charge head, the gap between the discharge port and the surface of the covering layer is 34 urn or less, and the thick- 
ness of the covering layer is 6.300A or less, and then, the electrothermal transducing element generates thermal 
energy of 0 0027 uJ/um 2 or less by the application of single driving pulse of 1 .2 us or less for creating film boiling in 
liquid to discharge liquid from the discharge port. 

[0012] It is a further object of the invention to provide a liquid discharge head which comprises discharge ports for 
20 discharging liquid; and electrothermal transducing elements for generating thermal energy utilized for discharging liquid 
from the discharge ports, the electrothermal transducing elements being directly in contact with liquid. For this liquid 
. discharge hea^ and the surface of the covering layer is 34 urn or less, and the elec- 

trothermal transducing element generates thermal energy of 0.0027 uJ/um 2 or less by the application of single driving 
pulse of 1 .2 us or less for creating film boiling in liquid to discharge liquid from the discharge port. 
25 [0013] It is a further object of the Invention to provide a method for driving a liquid discharge head havi 

ports for discharging liquid; electrothermal transducing elements arranged to face the discharge ports for generating 
thermal energy utilized for discharging liquid from the discharge ports; and a covering layer for covering the electrother- 
mal transducing element, residing inclusively between the electrothermal transducing element and liquid, the gap 
between the discharge port and the surface of the covering layer being 34 um or less, arid the mlc^ness of the covering 
30 layer being 6,3boA or less, which comprises the ste^ 

mal transducing element for generating thermal energy of 0.0027 uJ/um 2 or less to create film boiling in liquid for dis- 
charging liquid from the discharge port. 

[0014] It is still a further object of the invention to provide a method for driving a liquid discharge head having dis- 
charge ports for discharging liquid; and electrothermal transducing elements for generating thermal energy utilized for 

35 discharging liquid from the discharge ports, the electrothermal transducing elements being directly in contact with liq- 
uid, and the gap between the discharge port and the surface of the covering layer being 34 um or less, which comprises 
the step of applying single driving pulse of 1 .2 us or less to the electrothermal transducing element for generating ther- 
mal ene^ot 0.00 discharge port 
[0015] It is another object of the invention to provide a cartridge whic^ 

40 with discharge ports for discharging liquid; electrothermal transducing elements arranged to face the; discharge ports 
for generating thermal energy utilized for discharging liquid from the discharge ports; and a covering layer for covering 

, . the electrothermal transducing element, residing inclusively between the electrothermal transducing element and liquid, 
the gap between the discharge port and the surface of the : covering layer being 34 um or less, and the thickness of the 
covering layer being 6.300A or less, and by applying single driving pulse of 1.2 us or less to the electrothermal trans- 

45 ducing element for generating thermal energy of 0.0027 uJ/um 2 or less to create film boiling In liquid for discharging Hq- 
: uid from the discharge port; and a liquid tank for storing liquid to be supplied to the liquid discharge head. 

[0016] Also, it is another object of the invention to provide cartridge whteh;^ a liquid oTisch^ pro^ 

vided with discharge ports for discharging liquid; and electrothermal transducing elements for generating thermal 
energy utilized for discharging liquid from the discharge ports, the electrothermal transducing elements being directly 

so in contact with liquid, and the gap between the discharge port and the surface of the covering layer being 34 um or less, 
and by applying single driving pulse of 1 .2 us or less to the electrothermal transducing element for generating thermal 
energy of 0.0027 uJ/um 2 or less to create boiling in liquid for discharging liquid from the discharge port; and a liquid 
tank for storing liquid to be supplied to the liquid discharge head. 

[0017] Also, ft is another object of the invention to provide an Image fonning apparatus which comprises a liquid dis- 
ss charge head provided with discharge ports for discharging liquid; electrothermal transducing elements arranged to face 
the discharge pprts for generating thermal: e^ liquid from the discharge ports; a covering 

layer for covering the eledrothermal tra^ residing inclusively between the electrothermal transducing 

element and liquid, the gap. between the discharge port and the surface of the covering layer being 34 jim or less, arid. 
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the thickness of the covering layer being 6,300A or less; and a control unit for applying single driving pulse of 1 .2 [is or 
less to the electrothermal transducing element for generating thermal energy of 0 0027 uJ/u/rr^ or less to create film 
boiling in liquid for discharging liquid from the discharge port 

[0018] Also, it is another object of the invention to provide an Image forming apparatus which comprises a liquid dis- 

5 charge head provided with discharge ports for discharging liquid; and electrothermal transducing elements for generat- 
ing thermal energy utilized for discharging liquid from the discharge ports, the electrothermal transducing elements 
being directly in contact with liquid, and the gap between the discharge port and the surface- of the covering layer being 
34 urn or less; and a control unit for applying single driving pulse of 1 2 ps or less to the electrothermal transducing ele- 
ment for generating thermal energy of 0.0027 ixjVjim 2 or less to create boiling in liquid for discharging liquid from the 

io discharge port . 

[0019] In accordance with the present invention, the gap between the discharge port arid the electrothermal trans- 
ducing element is 34 um or less, and also, the thickness of the covering layer is 6,300A or less Then, by trie application 
of single driving pulse of 1 ,2 \is or less, thermal energy of 0 6627 \iS/\vm 2 or less is generated to ere film boili ng in 
liquid for discharging liquid from the discharge port. As a result, the fluctuation of liquid bubbling on the surface of the 

is electrothermal transducing element is reduced to stabilize bubbling. Furlherniore, sine menis- 
cus retraction becomes smaller at the time of discharge, liquid can return to the surface of the electrothermal transduc- 
ing element quicker so that meniscus faces the discharge port, hence making it ^o^^^6;^hm^.ti1|i» : displacement 
accuracy of liquid droplets on a printing medium even when driving is executed at high frequency; Also, It becomes pos- 
sible to redu^tbeM electrothermal transducing element, which contributes to enabling menis- 

20 custo return quickly and face the discharge port As a result, the wetted liquid on the discharge port surface is allowed 
to be combined v/rth the liquid which is being refilled in the discharge port, which makes it possible to reduce the occur- 
rence of unexpected non-discharges. 

[0020] r-^WRtf the electroderrhal transducing elernent being configured be square^ ft becomes possible to enhance 
the viscous plug properties of ink droplets more if the distance L is made smaller by 1.3 times the length of one side of 
25 such electrothermal transducing element 

[0021] With the discharge ports arranged at least in two lines parallel to each other arranged at intervals of 600 dpi, 
respectively, it becomes possible to obtain a liquid discharge head whose performance is as high as 1,200 dpi if the 
arrangement pitches are deviated by half pitch from each other per line. 

[0022] With the amountof discharge of liquid being 5 plcolrters or less when discharged from the discharge port by 
30 the application of single driving pulse to the electrothermal transdu it becomes ttos^ible to enhance reso- 

lution of iirnag^ for the signi^ of the quality of images thus bbtajried^^^?i < 

[0023] With driving means of the liquid discharge head being provided with the base plate having wiring section 
formed on the electrothermal transducing element in the scanning movement direction of the carriage, it becomes pos- 
sible to uniform the temperature distribution on the surface of each individual electrothermal transducing element in the 
35 arrangement direction of the discharge port, thus suppressing the inclinatibn of discharge direction of liquid droplets in 
the arrangement d 

BRI EFfi^ ORAVyiNGiS; 
40 [0024] 

Fig 1 is a/perspective view which shows the outer structural appearance of an ink jet printer embodying the present 
Invention. 

Fig. 2 is a perspective view which shows the state where the exterior members are removed from the printer shown 
45 in Rg. 1. 

Fig. 3 is a perspective view which shows the state where the recording head cartridge Is assembled for use in 
accordance with the embodiment of the present invention. 

R$j; 4 is ^'an exploded perspectiw View which shows the recording head cartridge represented in Fig. 3. 
Fig. 5 is an exploded perspective view which shows the recording head represented in Rg. 4, observed diagonally 
50 from below. 

Figs. 6A and 6B are perspective views which illustrate a scanner cartridge embodying the present invention. 
Fig. 7 is a block tfia^ schematically shows the entire structure of the electric circuit embodying the 

present invention ' r . ;." . ■ 

Fig. 8, composed of Figs. 8A and 8B, is a block diagram which shows the inner structure of the main PCB repre- 
ss ' serited ln Fig. 7l'x \ 

Rg. 9, composed of Rgs; 9A, 9B and 9C, is a block diagram which shows the inner structure of the ASIC repre- 
sented In Rgs. 8A and 8B. 

Fig. 10 is a flowchart which shows the operation in accordance with the embodiment of the present invention. 
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Rg> 1 1 Is a perspective > view which shows the external a^p^aiance of one embodiment for. which the fiquid dis- 
charge head of the present Invention Is applied to an ink jet 

Rg: 1 2A is a perspective view which shows the external appearand base plate in accord- 

ance with the embodiment represented In Fig. 1 1 , which is illustrated in a broken state here. 
5 Rg. 12B is a partially broken perspective view which shows another embodiment of the heat generating base plate. 

Rg, 1 3 is a sectional view which shows one ink chamber portion in accordance with the embodiment represented 

Rg. 14 is a cross-sectional view taken along line 14-14 indicated by arrows in Rg. 1 3. 

Rg. 15 is a plan view which shows the portion of an electrothermal transducing element in accordance with the 
io embodiment represented in Rg. 1 1 . 

Rg. 16 is a cross-sectional view taken along line 16-16 indicated by arrows in Rg. 15. 

Rg. 1 7 is a cross-sectional view which shows the structure of the ink chamber of a liquid discharge head in accord- 
ance with another embodiment of the present invention. 

Rg. 18 is a cross-sectional view taken along line 1 8-18 indicated by arrows in Rg. 1 7. 
75 Rg. 1 9 is a waveform diagram which shows a single driving pulse applied to the electrothermal transducing ele- 

ment In accord|hce: 

Rg 20 is a waveform diagram which shows one example of the conventional driving pulses given to the electro- 
thermal transducing element 

Rg 21 is a driving circuit diagram which shows one example of driving means for the electrothermal transducing 
20 element in accordance with the present invention. 

Rg 22 is a cross-sectional view which shows the structure of the ink chamber of a liquid discharge head in accord- 
ance with a second embodiment of the present invention. 

Rg. 23 is a cross-sectional view taken along line :23-23 indicated by arrows in Rg. 22. 

Rg. 24 is a cross-sectional view which shows the structure of the ink chamber of a liquid discharge head in accord- 
25 ance with a third embodiment of the present invention. 

Rg. 25 is a cross-sectional view taken along line 25-25 indicated by arrows in Rg. 24. 

Rg. 26 is a cross-sectional view which shows the structure of one ink chamber of the objective ink jet head of the 
present invention. 

Rg. 27 is a cross-sectional view taken along line 27-27 indicated by arrows in Rg. 26. 
30 Rg. 28 is a graph which shows the relationship between the distance from the electrothermal transducing element 

to the discharge port surface, and the displacement accuracy of ink droplets. 

Rg. 29 is a view of the first discharging principle which illustrates the discharging process of an ink droplet from a 
discharge port together with the representations in Fig. 30 to Rg. 34, respectively. 

Fig. 30 is a view of the first discharging principle which illustrates the discharging process of an ink droplet from a 
35 discharge port together with the representations in Rg. 29, and Rg. 31 to Rg. 34, respectively. 

Rg. 31 is a view of the first discharging principle which illustrates the discharging process of an Ink droplet from a 

discharge port together with the representations in Rg. 29, Rg. 30, and Rg. 32 to Rg. 34, respectively. 

Rg. 32 Is a view of the first discharging principle which illustrates the discharging process of an ink droplet from a 

discharge port together with the representations in Rg. 29 to Rg. 31 , Rg 33, and Rg. 34, respectively 
40 Rg 33 is a view of the first discharging principle which Illustrates the discharging process of an ink droplet from a 

discharge port together with the representations in Rg : 29 to Rg. 32, and Rg 34, respectively. 

Rg; 34 is a view of the first discharging principle which illustrates the discharging process of an ink droplet from a 

discharge port together with the representations in Rgs. 29 to Rg. 33, respectively. 

Rg. 35 Is a view of the second discharging principle which illustrates the discharging process of an ink droplet from 
45 a discharge port together with the representations in Rg. 36 to Rg. 39, respectively. 

Rg. 36 is a view of the second discharging principle which Illustrates the discharging process of an ink droplet from 
a discharge port together with the representations in Rg. 35, and Rg. 37 to Rg. 39, respectively. 
Rg. 37 is a view of the second discharging principle which illustrates the discharging process of an ink droplet from 
a discharge port together with the representations in Rg. 35, Rg. 36, Fig. 38, and Rg. 39, respectively. 
50 Rg. 38 is a view of the second discharging principle which illustrates the discharging process of ah ink droplet from 

a discharge port together with the representations in Rg. 35 to Rg. 37, and Rg. 39, respectively. 
Rg. 39 is a view of the second discharging principle which illustrates the discharging process of an ink droplet from 
a discharge port together with the representations In Rg 35 to Rg 38, respectively 

Fig 40 is a cross-sectional view which shows the structure of one ink chamber of the objective Ink Jet head of the 
55 present invention. 

Rg 41 is a cross-sectional view taken along line 41 -41 indicated by arrows In Rg. 40 
Rg. 42 Is a \ 
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V tiye example: 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 [d(te5]"^ the Ink jet head that discharges ink from the discharge ports as droplets by utilization of the pres- 

sure of a;%bbie created b^ dr'M electrothermal transducing elements, while this bubble is 

outside, there are mainly four problems given below. Now, hereunder, these problems wili be described with reference 
to the accompanying drawings. 

[0026] Firstly, as compared with the ink jet head which is not arranged to enable a bubble to communicate with the 
to air outside, there is a need for the head to make the gap L smaller from the surface of liquid contact oh the electrother- 
mal transducing element 14 to the discharge port surface 22 where discharge ports 16 are open in order to discharge, 
ink from the discharge ports with the bubble being communicated with the air outside. Fig. 26 is a upper sectional view 
which shows the plane structure of the Ink chamber portion of an ink jet head. Fig. 27 is a side sectional view taken 
along line 27-27 in Fig. 26. 

is [0027] However, as shown in Fig. 28 which shows the relationship between the distance L from the liquid contact 
surface on the electrothermal transducing element 14 to the discharge port surface 22 where the discharge ports 1 6 
are open, and the displacement accuracy of ink droplets on a printing medium in the arrangement direction of the dis- 
charge ports 16, there is a tendency that the smaller the distance L, the more becomes unfavorable the displacement 
accuracy of ink droplets. Conceivably, this is because of the fluctuation of bubbling initiation time on the surface of the 

20 electrothermal transducing element 14, which is created due to ink burning or fine irregularities on or damages given to 
the surface of the electrothermal transducing element 1 4, while the length of passage Is not sufficient in order to correct 
the changes in the flow di rection of 1 nk droplets, which may be brought about by such causes, to a specific direction. 
[0028] The inventors hereof has purposely set the distance L between the liquid contact surface on the electrother- 
mal transducing elements and the discharge port surface within a range where the displacement accuracy is not very 

25 good in accordance with the conventional art, that Is, this distance is set at a comparatively small value, and then, it Is 
made an objective at first to perform a highly precise recording by discharging comparatively small liquid droplets stably. 
More specifically, the aforesaid distance L Is set at 34 Jim or less. This distance L should preferably be 1 6 jim or more. 
Also, it is extremely preferable to adopt a method whereby to enable the bubble c^eated;^D^ means of film boiling to be 
communicated w'rth the air outside as a method for discharging liquid. 

30 [0029] Then, the inventors hereof have found that if one main droplet is discharged from one discharge jiprt by giv- 
ing plural driving pulses to the electrothermal transducing element particularly when the aforesaid distance L is as com- 
paratively small as 34 urn or less/the liquid temperature near the electrothermal transducing element rises by the 
driving pulse given at first, which tends to facilitate the creation of fine bubble, and that the factor that causes the insta- 
bility of bubbling becomes comparatively conspicuous. With this phenomenon in view, the inventors hereof have studied 

35 and come to the conclusion that a single driving pulse is superior in terms of the stability when one main droplet is dis- 
charged from one discharge port with the aforesaid distance L being comparatively small as 34 urn or less. Also, it has 
been found disable to make this single driving pulse rectangular. 

[0030] In continuation, the inventors hereof have set the pulse width of the single driving pulse at 1 .2 us or less so 
that the electrothermal transducing element generates thermal energy of 0.0027 uJ/um 2 or less for the creation of film 

40 boiling in orderto discharge liquid from the discharge port In this way, it becomes possible to stabilize bubbling because 
the fluctuation of liquid bubbling is reduced on the surface of the electrothermal transducing element. Also, the degree 
of the meniscus retraction becomes smaller at the time of discharges. As a result, liquid returns to the surface of the 
electrothermal transducing element rapidly to enable the meniscus to be confronted with the discharge port, hence 
improving the displacement accuracy of liquid droplets on a printing medium even if driving is performed at high fre- 

45 quency. Then, it Is possible to compensate for a slight deterioration of the displacement accuracy of liquid 

droplets that may be brought about from the aforesaid distance L which Is set to be as comparatively small as 34 um or 
less. The pulse width of the single driving pulse should preferably be 0.6 us or more. It is also preferable to make ther- 
mal energy generating by the electrothermal transducing element 6.001 3 uJ/u/n 2 or more. 

[0031] ; Further, the iriventb^ to cover the etectrbthermal transducing ele- 

50 ment, which resides inclusively between liquid and the electrothermal transducing elemeht, and regulate the thickness 
.of the covering layer to be 6,300A or less from the cpmpreheh viewpoint that includes the minimum requirement of 
protective property for the electrothermal transducing element, the heat transfer capability to transfer the thermal 
energy generated by the electrothermal transducing element to liquid effectively, and the heat radiation property to radi- 
ate heat remaining I n the covering layer, it Is preferable to make the thickness of the cove ri ng layer 3,000 A or more: 
55 [0032] Here, additionally, although the description has been made simpJy of the/time series processes in which the 
inventors hereof have designed the present Invention, the actual result has been obtained only by the Industrious stud- 
ies accompanied by serious trial and error before having it to be designed as described in the specification hereof. 
[0033] : Secondly, for the so-callecj 'side ihooter type where the ink jet head has the electrothe rmal transducing ele- 
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merits .1 4 and the discharge ports 1 6 arranged to face each other, respectively, ink mist adheres to the discharge port 
.. .^suiface 22 during Preprinting operation and creates letting" condition, which may result in disabled discharges of ink 
droplets (hereinafter, this condition is referred to as ah 'unexpected non-discharge"). This may lead to the drawback 
'lifiii^^l^^^f^^^^»:Bn created on a printing medium. An unexpected non-discharges of me kind is a phe- 
5 nomenon occurring on one discharge port 16 as a unit If the unexpected non-discharge takes place on a specific dis- 
charge port 16, ft becomes difficurt to recover it unless recovery means, such as suction, is used. In this respect, the 
:afbresaid;une ink jet head of a type where no bubbling is com- 

municated with the air outside. 

[0034] Fig. 29 to Fig. 34 are views which illustrate the discharge process of an ink droplet for an ink jet head of the 

io kind. In other words, the electrothermal transducing element 14 is driven as shown in Fig. 30 by the application of elec- 
tric signals from 29. Then, a bubble 28 "is created in ink 27 in the 
ink chamber 13 to bring the ink droplet 29 to be in a state of being discharged. The bubble 28 thus actuated is made 
smaller as shown in Fig. 31 and Fig. 32 with the reduction of me inner pressure in the ink chamber 13, and the bubble 
berom^ . 

15 discharge, and the ink meniscus 26 also advances to the vicinity of the opening of the discharge port 16. therefore, 
even if wetted ink 30 is present in the yidnrry of me discharge port .16 as shown in Rg. 33, it becomes possible to draw 
in mis wetted ink 30 into me ink 27 that resides in the discharge port 1 6 as shown in Fig 34 Here, even if it should be 
impossible to draw the wetted ink 30 into the discharge port 16, the clogging of the discharge port 16 can be easily elim- 
inated by bubbling ink 27 residing on the surface of the electrothermal transducing element 14. 

20 [0035] However, for the ink jet head of a type where ink is discharged from discharge porte as droplets, while bub- 
bling is communicated wrm the air outside ink is subjected easily to being pooled in the vicinity of discharge ports, 
respectively, rf the width of driving pulse is larger to make the discharge instable when ink 27 is bubbled to create a bub- 
ble 28 for discharging the ink droplet 29 as shown in Rg. 35 to Rg; 39 which illustrate the discharge processes of the 
ink droplet As a result, ink 27 no longer exists on the surface of the electrothermal transducing element 1 4 to cause the 

25 ink meniscus 26 to be retracted. It has been found, then, that the discharge port 1 6 is clogged in some cases by the 
wetted ink 30 before ink 27 is refilled. Particularly, when the ink meniscus 26 has been retracted as shown in Rg. 38, it 
becomes impossible not only to draw In the wetted ink 30 into the ink 27 side, but also, It becomes impossible to elimi- 
nate the clogged condition of the discharge port 16, which has been caused by the presence of the wetted ink 30, by 
discharging ink 27 on the electrothermal transducing element 1 4. Therefore, in order to eliminate the clogged condition 

30 of the discharge port 16, there "is no other means but to wart until the bubble 28 which still remains in the ink chamber 
1 3 is dissolved mto ink 27 or to remove the clogging by the wetted ink 30 using recovery means or the like. 
[0036] Thirdly, for the ink jet head of side shooter type, a drawback is created to pool bubbles 31 on both end por- 
tions of the edge wall 23 of the ink chamber 13 as shown in Rg. 40 which schematically shows the structure of the ink 
chamber, and in Rg: 41 which is a cross-sectional view taken along line 41-41 indicated by arrows in it. The remaining 

35 bubbles 31 are created as a phenomenon characteristic to the ink jet head of the type where ink is discharged while 
bubbling is communicated with the air outside when the air is induced into the ink chamber 13 from the discharge port 
16 at the time of discharge or when the air which is dissolved to remain in ink becomes a bubble, among some other 
causes; Also, the remaining bubbles 31 tend to get together on both end portions in the widthwise direction of the edge 
wall 23 of the ink chamber 1 3 due to ink flowing by bubbling, because the electrothermal transducing element 14 is 

40 : ; arranged in a state of being encircled by the ink chamber 13. Also, it has been found mat as shown in Rg. 26, ^ 
the distance S becomes from one end portion in the widthwise direction of the- ea^ 

discharge port 1 6, the more the volume Is increased for each of the remaining bubbles 31 which reside on both end por- 
tions in the widthwise direction of the edge wall 23 of the ink chamber 13. With the existence of the remaining bubbles 
31 on both end portions of the edge wall 23 of the ink chamber 13, the discharging pressure is reduced and offset by 

45 the remaining bubbles 3 1 at the time of discharge. As a result, the discharges of ink droplets become instable to cause 
the reduction of the discharge speed and the discharge amount or a drawback takes place to deviate discharges from 
the discharge direction origin ally designated Particularly, if the distance S is made longer from the one end portion in 
'the widthwise Erection of the edge wall 23 to the corner portion of the discharge port 16, the aforesaid phenomenon 
becomes more conspicuous. Then, when characters and others are printed on a printing medium, white streaks are 

so created, and along with the reduction of the ink discharge amount, the printing density is caused to be lowered. 

[0037] Fourthly, if the discharge port "is arranged to be smaller still in order to make ink droplets extremely fine, it 
becomes easier for the ink, which has become overly viscous due to the moisture evaporation, to clog the discharge 
port to deteriorate the viscous plug properties of ink. Here, the Viscous plug propert^^ of Ink means whether or not a 
printing operation can be carried out again normally when the printing operation should be executed after the passage 

55 of a specific pe to having executed a printing operation by discharging ink droplets from the ink 
Jet head. Genera longer the time of suspension^ the more is the tendency that the viscous plug properties is dete- 
riorated, because the moisture contained Ink ^ confronted with the discharge port is ; more evaporated; If the viscous plug 
properties like: tends to adhere. to a printing medium due to the instable ink. 
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discharges from the discharge ports or ink discharges from the discharge ports become disabled to make it impossible 
. to carry on the normal printing operation in some cases. 
[0038] Now, hereunder, with reference to the accompanying drawings, the detailed description will be made of the 
embodiments in which the present invention is applied to an ink jet printer. Here, it is to be understood that the invention 
5 is not necessarily limited to such embodiments. The invention Is applicable to the combination of such embodiments, 
as well as to any other techniques to be included in the conception of the invention referred to in the claims following 
the description of thiB specification hereof. 

[0039] Rg. 1 and Fig. 2 are views which schematically illustrate the structure of a printer using ink jet recording 
method. In Fig. 1, the apparatus main body M 1000, which constitutes the outer housing of the printer in accordance 
with the present embodiment comprises a lower case M1 001 ; an upper case Ml 002; an access cover M1 003 and an 
external member for exhaust tray M1004; and a chassis M3019 (see Rg. 2) housed in the interior of external members. 
is [0040] Th e chassis M301 9 is formed by plural metallic plate membe rs ! having a pr^detei^ined rigidity; which con- 
stitutes the skeleton of the recording apparatus to support each mechanism of various recording operations to be 
. described later. 

[0041] ; >Ws6; ;the, fo the lower half of the ajDparatus main body M1 000, arid the 

upper case M 1002 forms substantially the upper half of the apparatus main body M1 000, respectively Then, by the 

20 combination of both cases, a hollow structure Is formed with a space to house each of the mechanisms in it which will 
be described later. Then, on the upper portion and front portion thereof, openings are formed, respectively. 
[0042] Further, one edge portion of the exhaust tray M 1004 is rotatiyely supported by the lower case M 1 001 to 
make it possible to open and close the opening formed on the front portion of the lower case Ml 001 by the rotation 
thereof. As a result, when a recording operation is performed, the opening is made ready by rotating the ekhaust tray 

25 M1004 to the front side, thus exhausting the recording sheet P from this Opening to stack it one by one. Also, for the 
exhaust tray MTp^ are retraptively arranged, which can be pulled out, respec- 

tively, from the front side as needed, thus making the supporting area of a recording sheet larger or smaller in three 
stages. 

[OOtejj pneedge ^ rotatively supported by the upper case Ml 002 to make it 

30 possible to open and close the opening formed on the upper surface. With the access cover M1 003 being open, the 
recording head cartridges H1000 or the ink tanks H1 900 which are installed on the interior of the apparatus main body 
can be exchanged Here; although not shown particularly, an extrusion is arranged on the reverse side of the access 
cover M1003, which enables a lever for opening and closing the cover to rotate when the access cover is open or 
closed Then, it is arranged to sense the rotated position of the lever by a microswftch or the like to detect the open or 
35 closed state of the access cover. 

[0044j Also, on of the rear pbrtidn of the upper base Mi 002, a pbwer source key E0018 and a 

resume key E00/I 9 are arranged to be depressed, and at the same time, an LED E0020 is arranged for the respective 
operations. Then, when the power source key E0018 is depressed, the LEQ E0020 is illuminated to ilet the operator 
know that recording is made ready Also, various indicating f unctions are arranged to let the Operator know of the printer 
40 trouble or the nke by the way of blinking of the LED E0020, the Illuminated color thereof, or by sounding a buzzer E0021 
(see Fig, 7Ju Here, when trouble or the like has been solved, recording Is resumed by depressing the resume key E001 9. 

(The mechanism of Recording Operation) 

45 tppis] Noy^ the description will be made of therriechanislm ' 
by the main body M1000 of the printer in accordance with the present embodiment 

[0046] For the present embodiment, the mechanism of recording operation comprises an automatic feeder M3022 
that automatically feeds the recording sheets P to the interior of the apparatus main body; a carrier unit M3029 that car- 
ries each of the recording sheets P fed from the automatic feeder one by one, and at the same time, guides the record- 
so ing sheet P from the recording position to the exhaust unit M 3030; a recording unit to perform a desired recording on 
the recording sheet P carried onto the carrier unit M3029; and a recovery unit (M5000) that performs recovery process 
for the recording unit or the like. 

(Rerordihig Unit) 

[0047] Here, the aforesaid recording unit will be described. 

[0046] ' The recording unit comprises a carriage M4001 movabiy supported by the carriage shaft M4021 , and the 
. . recoroTthg, h ead cartridge H 1 000 detach ably mountabte on the carriage M4.G0.1 . 
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u:ST AVAILABLE COPY 

[0049] Recording Head Cartridge. In conjunction with Fig. 3 to Fig. 5, a recording head cartridge will be described 

, at first- . \ "■ ■ . • *■ . ' - ;■ : v • . . /. 

[0050] . The recording head cartridge H 1 000 of the p reserit .einbb^me ^is;.^fbvidedj with an ink tank H1900 that 
retains ink as shoWn in Fig: 3, and a recording head H 1001 that discharges from nozzles the ink which has been sup- 

5 plied from the ink tank HI 900 in accor o^nce with recording information -He re, the recording head H 1 00 1 adopts the so- 
called cartridge system where the head is ^ made 'dletachably mountable on the carriage M4001 to be described later. 

: , [0051] For the recording head cartridge ;HtO0O"3h : c^. here has ink tanks which. are : prepared individually for each 
color of blac^, fight cyan, fight magenta, cyan/mag 
arranged to be detachably mountable on the recording head H1 001 . 

io [0052] Then, as shown in Fig. 5 which is an exploded perspective view, the recording head H 1001 comprises a 
recording element base ptate H1 100; a first plate H1 200; an electric wiring base plate H1300; a second plate. H1 400; a 
tank holder H1 500; a flow path forming member H 1600; a filter H1700; and a sealing rubber H1 800. 
[0053] For the recording element base plate H1 100, a plurality of recording elements that discharge ink, arid the : : 
electric wiring of Al or the like to supply electric power to each of the recording elements are formed by means of film 

15 ; formation technologies and techniques on one side of the S the recording ele- . 

ments, a plurality of ink flow paths and discharge ports H1100T are formed by means of the photolithographic process, 
arid at the same time, an ink supply port is formed to open to the reverse side thereof in order to supply ink to a plurality 
of ink flow paths. Also, the recording element base plate H1 100 is bonded and fixed to the first plate H1200. Here, the 
Ink supply port H1 201 is formed to supply ink to the recording element base plate H1100. Further, the second plate 

20 H1 400 haying an opening is bonded ancl fixed to 400 holds the electric wiring 

base plate H1300 so that the electric wiring base plate H1 300 and the recording element base plate H11 00 are electri- 
cally connected. The electric wiring base plate H 1300 Is to apply electric signals to the recording element base plate 
H1 100 for discharging ink, which comprises the electric wiring corresponding to the recording element base plate 
H1100, and the external signal input terminal H1301 positioned on the electric winng edge portion to receive electric 

25 signals f rom the main body. The external signal input terminal H1301 is positioned and fixed on the backside of the tank 
holder H1 500 which will be described later. 

[0054] On the other hand, the flow path forming member HI 600 is welded by means of ultrasonic waves to the tank 
holder H1500 that detachably supports the ink tank H1 900, thus forming the ink flow path H 1501 from the ink tank 
H1 900 to the first plate H1200. Also, for the edge portion of the ink flow path H1501 on the ink tank side, which engages 
30 with the ink tank Hi 900, the filter H1700 is installed to prevent dust particles from entering from the outside. Also, the 
sealing rubber H 1800 is applied to the coupling portion with the ink tank H1900 in order to prevent ink from being evap- 
orated from the coupling portion. 

[0055] Further, as described earlier, the. tank holder unit, which comprises the hank holder H1500, the flow path 
forming member H1 600, the filter H1700, and the sealing rubber H1 800, is coupled by bonding or the like with the 
35 recording element unit which comprises the recording element base plate Hi 100, the first plate HI 200, the electric wir- 
ing base plate Hi 300, and the second plate H1 400, thus forming the recording head HI 001 . 

(Carriage) 

40 [0056] Now.inconjunctionwi^ 

[0057] As shown in Fig. 2, the carnage cover M^OPS which engages- with the 

carriage M4001 to guide the recording head H 1001 to the installation position of the carriage M4001, and a head setting 
/ lever wim me tank holder Hl^ head Hi 001 ^ 

H1001 so that it is set in the predetermined installation portion. 

45 [0058] Jn other words, the head setting lever M4d'07 is rotatively iristalled on the upper part of the carriage M4001 
centering oh the head setting lever shaft, arid at the same time, a head setting plate (not shown) is provided for the cou- 
pling portion with the recording head H1001 through a spring Then, the structure is arranged so that with the force 
exerted by this spring; the recording head HTOfJh is compressed and installed on the carriage M4001 . 
[00^9] V Also, the coupling portion of trie carriage M4001 other than the coupling portion with the recording head 

so Hi 001 is provided with a contact flexible printed cable (hereinafter referred to as the contact FPC) E001 1, and the con- 
. tact portion of. the: contact FPC E00T1 and the contact. unrt. (external signai input terminal) H 1301 provided for the 
recording head Hi 001 are electrically in contact to make it possible to transfer and receive various kinds of information 
for recording and the supply of electric power to the recording head Hi 001 , among some others. 
[0060] Here, an elastic mertiber, such as rubber (not shown), is provided between the contact portion of the contact 

55 FPC EOOli and the carriage M4001 to keep the contact portion andthe carriage M4001 securely in contact by means 
of the elastic force of this elastic member and the spring force of the head setting lever: Further, the contact FPC E001 1 
. : is connected with the carriage base plate E0013 Iristalled oh thereverse side i of the carriage M4001 (see Rg. 7). 
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(Scanner) 

[0061] The printer of the present embodiment is also usable as a reading apparatus by replacing the recording 

head with a scanner which is configured nke a recording head: 
5 [0062] The scanner moves tojgether with the c^r^ag^e bh the printer sideto read the images on a source document 

which is carried in place of a recording ^ to read out the image information on one source 

documerrt by altemateiy performing the pper^ion of read and fee^ the source document. ■; . 

[0063] Figs. 6A and 6B are views which schematically; jllu^ the structure of the scan her M6000. 

[0064] As shown in Figs. 6A and 6B, the scanner holder M6001 is of box type, in which the optical system and 
io processing circuit are installed to effectuate reading as required. Also, a scanner reading lens M6006 is installed on the 

portion that faces the su rface of a source document when the scanner M6000 is installed bri the carriage M4001 .; The 

images of the source document are read through it A scanner illumination lens M6005 is provided with a light source 
. (not shown) inside the scanner to irradiate light emitted from the light source on the source document through it. 

[0065] The scanner coyer M the scanner holder M6001 is fitted to the scanner 

75 holder M6001 to shield the interior thereof. Then, with the louver-like handles arranged on the side faces, it is intended 

to enhance the operabllity of the scanner M4001 for its attachment and detachment. The outer shape of the scanner 

holder M6001 is almost the same as that of the recording head HI 001 ., which is detachably mouritable on the carriage 

M4001 in the same manner as to handle the recording head cartridge H1000. 

[0066] Also, for the scanner holder M6001 , the base piate having the processing circuit provided therefor Is Incor- 
20 porated, while the scanner contact PCB which is connected with this base plate is arranged to be exposed outside. 
Then, when the scanner ^6000 is installed on the carriage M4001, the scanner contact PCB M6004 is in contact with 
the contact FPC E001 1 on the carriage M4001 side, thus connecting the base plate with the control system on the main 
body side electrically through the carriage M4001 . 

[0067] Now* the description will be made of the structure of the electric circuit in accordance with the present 
25 embodiment of th6 invention. 

[0068] Fig. 7 is a view which schematically shows the entire structure of the electric circuit of the present embodi- 
ment. .\r/,,/ ; /v: ■.: : .. •: 

[0069] The electric circuit here mairity comprises the carriage base plate (CRPCB) E001 3, the main PCB (Printed 
Circuit Board) E0014; and the power source unit €0015* among some others. 
30 [0070] In this respect, the power source unit is connected with the main PCB E0014 to supply various driving pow- 

[0071] Also, the carriage base plate E0013 is a printed base plate unit mounted on the carriage M4001 (see Rg. 
2), and functions as an interface to deal with signals from and to the recording head through the contact FPC -E0011. 
Also, along with the movement of the carriage M4001 , this unit detects the positional changes between the encoder 
35 scale E0005 and the encoder sensor E0004 in accordance with the pulse signals output from the encoder sensor 
E0004, and then, outputs the detected output signals to the main PCB E0014 through the flexible flat cable (CRFFC) 
E0012. 

[0072] Further, the main PCB is a printed base plate unit that controls the driving of each unit of the ink jet recording 
apparatus of the present embodiment, which has I/O ports for a paper edge sensor (PE sensor) E0007; an ASF sensor 

40 E0009; a cover sensor E0022; a parallel interface (parallel l/F) E0016; a serial Interface (serial l/F) E0017; a resume 
key E0019; an LED E0020; a power source key E001 8; and a buzzer E0021 , among some others. This PCB is also con- 
nected with the CR motor E0001 , the LF motor E0002, and the PG motor E0003 to control driving each of them. 
Besides, it has a connecting interface with the ink end sensor E0006* the GAP sensor E0008; the PG sensor E0010; 
the CRFFC E0012; and the power source unit E0015. 

45 [0073] Hg. 8 is comprised of Figs. 8 A and 8 B showing block diagrams which illustrate the inner structure of the 
main PCB. 

[0074] in Figs. 8A and 8B, a reference numeral E1 001 designates a CPU. The CPU E1001 is provided with an oscil- 
lator OSC El 002, and at the same time, rt is connected with the oscillating circuit E 1005 to generate system clock with 
the output signals ET01 9 therefrom, and also, through the control bus E1 014, it is connected with the ROM ET004 and 

so the ASIC (Application Specific Integrated Circuit) E1066. f hus, in accordance with the program stored on the ROM, it 
controls the AS rc, and detects the input signals El 01 7 from the power source key; the input signals E1016 from the 
resume key, as well as the current status of the cbver detection signal E1 042 and the head detection signal (HSENS) 
E1 013. Further, it sounds the buzzer E0021 in accordance with the buzzer signal (BUZ) E1018. Then, while detecting 
the current status of the ink end detection signal (INKS) E1 01 1 and the thermistor temperature detection signal (TH) 

55 E1 012, which are connected with the incorporated A/D converter E1003, it controls the driving of the Ink Jet recording 
apparatus by executing various logical operations required, as well as determining A conditions or the like. 
[0075] Here- : the head detection signal El 013 is a head Installation detecting; isighal which Is Inputted from the 
recording head cartridge HI 000 through the flexible fiat cable E001 2, the carriage base plate E0013, arid the contact 
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flexible printed cable E001 1 . The ink end detection signal Is an analogue signal output from the ink end sensor E0006. 
The therrnistor ten^erature detectipn signal E10T2 is an analogue signal.output from; a thermistor (not shown) installed 
on i the [Carriage base plateE66l3 : 

[0076] A reference numeral E1008 designates the dR rhotor driver which generates the CR motor driving signal 
5 El 037 with the motor power source (VM) El04b as its ctf^ motor con- 

trol signal E 1036 output from the ASIC E1006, thus driving the CR motor E0001 ; E1 009, the LF/PG motor driver which 
generates the LF motor driving signal E1 035 with the motor power source E1 040 as a driving power source, and in 
accordance with the pulse motor control signal (PM control signal) E1033 output from the ASIC E1006, thus driving the 
LF motor; at the s^e time/ generating 
io [0077] A ret e ren ce numeral El 010 designates the power source control circuit whi^ to each 

of the sensors or the like provided with ^ 

E1024 output from the ASIC E1006. The parallel l/F E001 6 transmits the parallel l/F signals E1030 output from the ; . 
ASIC E1006 to the parallel l/F cable E1 031 which is externally connected, and also, transmits the signals of the parallel 
l/F cable E1 031 to the ASIC El 006. The serial VF E001 7 transmits the serial l/F signals E1 028 output from the ASIC 

is E1006 to the serial l/F cable El 029 externally connected, and also, transmits the signals from the cable E1029 to the 
> ASI C E 1006 ■ 
[0078] On the other hand:, the head power source (VH) E1039 : the motor power source (VM) E1040. and the logic 
power sour (VDD) E 1041 are supplied frorri me power source unit E0016 Also, frorn the ASIC E1006 t the head power 
source ON signal (VHON) E1022, the motor power source ON signal(VMOM) E1 023 are inputted Into the power 

20 source unit E0015, thus controlling the ON/OFF of the head power source E1039 and the motor power source E1040, 
respectively The logic power source (VDD) E 1 04 1 supplied from the power source unit E00 15 is given a voltage trans- 
formation as required, and then, s upplied to each of the internal and external u nits of the main PCB E001 4: 
[0079] Also, the head power source E1 039 is smoothed on the main PCB E0014, and then, to be transmitted to the 
flexible flat cable E0011 for driving the recording head cartridge H 1000. 

25 [0080] A reference numeral E 1 007 design ates the resetting circuit to detect^ power source volt- 

age E1 04Q, and supplies a resetting s^ 

[0081] The ASIC E1006 is one^hip semiconductor inte^ which is cpritroi led by: the CPU E1001 

through the control bus E1014, and outputs the CR motor control signal E1036, the PM control signal E1033, the power 

30 source control signal E 1024, the head power source ON signal E1022, and the motor power source ON signal E1023, 
arnor^ sorneathti^ transmission and reception of signals through the parallel l/F E001 6 and the 

serial l/F E001 7. Besides, it detects the status of the PE detection signal (PES) E1 025 from the PE sensor E0007; the 
ASF detection signal (ASFS) E1026 from the ASF sensor E0009; the GAP detection signal (GAPS) E 1027 from the 
GAP sensor E0008; and the PG detection signal (PGS) E1032 from the PG sensor E0007, and then, transmits the data 

35 on ^ach of therri to the CPU E1 001 through the control bus E1 01 4. The CPU E1 001 controls the LED driving signals 
E1038 to turn on and off the LED E0020 accordingly. 

[0082] Further, the condition of the encoder signal (ENC) E1020 is detected to generate the timing signals, and the 
recording head icartrid^e HlbOO is in^^ced by use of ffi 

tioh. Here, the encoder signals (ENC) E1 020 are ^ CRjencbd^ 
40 inputted through the flexible flat cable E0012. Also, the head control signals E1021 are supplied to the recording head 
HlbpO through toe ft^ E0012, the carriage be^e plate E001 3, and ^ 

[0083] Fig; ^te 
ASIC E1006. 

[0084] Here; in Figs 9Ato 9C, the connection between each of the blocte iridic flow related to the 

45 controls of each part of the head and vahoiis mechanisms, such as recording data, motor control data, among some 
others. The control signals which are related to the control signals and clocks required for reading from or writing to the 
registers incorporated in each of the blocks, and also, the one related to the DMA controls, among some others, are 
omitted in order to avoid complicated representation on FHgs 9A to 9C 

[0085] In Figs: 9A to 9C, a reference numeral E^OCfc designates PLL which generates clock (not shown) to be sup- 
50 plied to the major portions of the ASIC E1 006 by use of the clock signals (GLK) E2031 output from the CPU El 001 as 
" shoWn in Figs, 9A to $6, ^ridiihe PLL borifrOl signal; {P 
[0086] Also, a reference numeral E2001 designates the CPU Interface (GPU l/F), which controls reading from or 
writing to the registers of each block to be described below, supplies clocks to a part of blocks, and receives the inter- 
ruption signals (none of them is shown), among some others, and then, outputs interruption signals (INT) E2034 to the 
55 CPU E1001 to notify the Interruption; occurring in the interior of me ASIC E1 006 in accordance with the; resetting signal 
E1 016, the soft resetting signal (PDWN) E2032, the clock signals (CLK) 1E2301, and the control signals from the control 

-." bus.Ei.di4. ' . ' . . :.. X'.-. 

[0087] Also, a reference numeral E2005 designates the DRAM serving as the recording buffer, which Is provided 
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with each area for reception buffer E2010, work buffer E201 1 . printing buffer E201 4, development buffer E2016, and the 
tike, and at the same time, it is provided with the buffer E2023 for controlling motors. Further, as the buffer usable in the 
mode of scanner operation, it Ss provided each area for scanner fetch buffer E2024, scanner data buffer E2026, send- 
out buffer E2028* and the Tike in place of each of the recording data buffers. 
5 [0088] Also, the DRAM E2005 is used as the work area needed for operating the CPU E1 001 , too. In other words, 
a reference numeral E2004 designates the DRAM control unit to control access to the DRAM E2005 from the CPU 
E1001 by use of the control bus, as well as: to control reading from and writing to the DRAM E2005 by switching access 
from the DMA control unit E2003 to the DRAM E2005, which will be described later. 

[0089] When receiving request (hot shown) from each of blocks, the DMA control unit E2003 outputs to the RAM 
io control unit the address signals or control signals (not shown) or writing data (E2038, E2041 , E2044 : E2053, E2055, 
and E2057) and others If a writing operation is requested, hence operating the DRAM access. Also, if reading is 
requested, it transmits the read-out data from the DRAM control unit E2004 (E2040, E2043, E2045, E2051, E2054, 
E2056, E2058, and E2059) to the block originating such request 

[0090] Also, a reference numeral E2006 designates the 1284 l/F which interfaces the operation of the bidirectional 
is communications with the external host equipment (not shown) through the parallel l/F E0016 by the control of CPU 
E1001 by way of the CPU l/F E2001 Beside, It transfers reception data (PI F reception data E2036) from the parallel l/F 
E001 6 to the reception control unit E2008 by means of the DMA process at the time of recording It transfers the data 
stored on the send-out buffer £2028 on the DRAM E2005 (1284 transmission data (RDPIF) E2059) to the parallel l/F 
by means of the DMAprocess at the time of scanner operation. 
20 [0091} A reference numeral E2007 designates the USB l/F, which controls the CPU E1001 through the CPU l/F 
E2001 to interface the pF^ratipn for the bidirectional communications with the external host equipment (not shown) 
through the serial l/F £00.1.7. Besides, it trahslers ;S (USB reception data E2037) from the serial l/F 

E0017 to the reception control unit E2008 by means of the DMA process at the time of printing, it transmits the data 
stored on the send-out buffer E2028 on the DRAM E2005 (USB transmission data (RDUSB) E2058) to the serial l/F 
25 E0017 by means of the DMAprocess at the time of scanner reading operation. The reception control unit E2008 writes . 
the reception data (WDIF) E2038 on the l/F selected either from 1284 l/F E2006 or the USB l/F E2007 to the reception 
buffer writing addresses which are controlled by the reception buffer control unit E2039. 

[0092] A reference numeral E2009 designates the compression and expansion DMA, which reads the reception 
data (raster data) stored on the reception buffer E201 0 from the reception buffer read-out addresses control be the 
30 reception buffer cbhtrol unit E2039 by the control of CPU El 001 through the CPU l/F E2001, and then, compresses or 
expands such data (RDvVK) E2040 depending on tnfc designated mode, and writes them on the work buffer area as the 
recording code array (WDWK) E2041 . 

[0093] A reference numeral E201 3 designates the recording buffer transmission DMA; which reads out the record- 
ing codes (RDvVP) E2Q4i2i on the work buffer : 3&i$$^&x^]tf thi pPU E1007 through the CPU l/F E2001. Then, 

35 it rearranges each of the recording codes for the addresses on the printing buffer E2014 to be suitable for the order of 
data transfer to the recording head cartridge Hi 000 for the execution of transfer (WDWP E2044) Also, a reference 
numeral E201 2 designates the work clear DMA, which writes repeatedly the designated work file data (WDWF) E2042 
to the area on the work buffer where the transfer is completed by means of the recording buffer transfer DMA E2015 by 
the control of CPU E1 001 through the CPU l/F E2001 . 

40 [0094] A reference numeral E201 5 designates the recording data development DMA, which reads out the recording 
data rearranged and written on the printihg butfer with the data development timing signals E2050 from the head control 
unit E201 8 as trigger by the control of the CPU E1001 through the GPU l/F E2001, .as well as the development data 
written oh the development buffer E2016, and generates the developed recording data (RDHDG) E2045 and writes 
them on the column buffer E2017 as the column buffer writing data (WDHDG) E2047. Here* the column buffer E2017 

45 is the SRAM which provisionally stores the transferring data (developed recording data) to the recording head cartridge 
H1 000, an d which : fe cpmrrionly controlled by both biocks by the hanb^hake signals (not shown) of the recording data 
development DMA and the head control unit.. 

[0095] A reference numeral E2018 designates the head control unit which interfaces with the recording head car- 
tridge H1000 or the scanner by the control of the CPU E1001 through the CPU l/F E2001. Besides, it outputs the data 
so development timing signals E2050 to the recording data developrheni DMA in acc»rdahce with the head driving timing 
signals E2049 from ;the encoder signal prop 

[0096] Also,; at the time of printing, it reads out the developed recording data (RDHD) E2048 form the column buffer 
In accordance with the. head driving timing signals E2049, and outputs the data to the recording head cartridge H1000 
with the head control signals E 1021. ; 

55 [0097] Also, in the scanner reading mode, the DMA transfer Is executed to transfer the fetched data (WDHD) 
E2053, which is inputted through the head control signals E1021, to the scanner fetching buffer E2024 on the DRAM 
E2005. A reference numeral E2025 designates the scanner date processing DMA, which reads out the fetched buffer 

reading, data (RDAV) E2054 accumulated on the scanner fetching buffer E2I024 by the control of the CPU E1001 
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through the GPU i/F E2QQ 1 , and then,. writes the probessed data (WDAV) E2055, which are processed by averaging or 
the Tike, to the scanner data buffer E2026 on the DRAM E2005. 
. f/t6OT8]:;i^ processed 
. daW^ control of the fcPU El 001 throug the CPU l/F E2001 to 

5 compr^ transfers the 

• • [b6^]<'"' 

nats < 

the GPU E 1001. Besides, it stores on the resister the information regarding tfie position and speed of the carriage 
M4001 obtainable by the encoder signals E 1020, which are provided for the CPU E1001. On the basis of the informa- 
70 tion thus provided, the CPU E1 001 determines various parameters to control the CR motor E0001. Also, a reference 
numeral E2020 designates the GR motor control unit, which outputs the CR motor control signals E1036 by the control 
of the CPU E1001 through the CPU l/F E2001. 

[01 00] A reference humeral E2022 designates the sensor signal processing unit, which receives various detection 
signals output from the PG sensor E0010, the PE sensor E0007, the ASF sensor E0009, and the GAP sensor E0008, 
is among some others, and then, transfers these pieces cif sensor information to the GPU E 1001 in accordance with the 
'.. : mode specmed by the control o E1001 . Besides, It outputs the sensor detection signal E2052 to the LF/PG 

motor control unit DMA E2021 . 

[0101] The LF/PG motor control DMA E2021 reads out the pulse motor driving table (RDPM) E2051 from the motor 
control buffer E2023 on the DRAM E2005 by the control of the CPU E1001 through the CPU l/F E2001 , and outputs the 
20 pulse motor control signals E. Besides, it outputs the pulse motor control signals E 1033 as trigger to control the sensor 
detection signals depending on the operational mode. : 

[01 02] Also, a reference numeral E2030 designates the LED control unit, which outputs the LED driving signals 
E1038by the control of the CPU E1 001 through the CPU l/F E2001; further, E2029, the port control unit, which outputs 
the head powersource ON signals E1 022, the motor power source ON signal E1 023, and the power source control si g- 

25 nals E1024 by the control of the CPU E1 001 through the CPU l/F E2001. 

[0103] Now, in accordance with the flowchart shown in Fig. 1 0, the description will be made of the operation of an 
Ink jet recording apparatus structured as described above, which embodies the present invention. 

■ [0104] At first, In step S1, when the apparatus is connected with an AC power source, a first process of totalization 
is executed for the apparatus, in this initialization process, the electric circuit system is examined to check the ROM, 

3bi : : \^M; :: ;and : others;forthe- apparatus, thus confirming whether or not the apparatus can electrically operate 

[0105} T^en, in step S2, whether or not the power source key EO018, which is installed on the upper case M1 002 
of the apparatus main body M1000, has been turned ON is determined. If the power source key E0018 is turned on, 
the process proceeds to step S3 where a second initialization process is executed. 

[0106] In the second initialization process, various driving mechanisms and head system of the apparatus are 
35 examined, in other words, it is confirmed whether or not the apparatus is normally operable when various motors are 
initialized and the head information is read out 

[0107] Then, in step S4, the process waits ;f^ of an event In other words, while monitoring the 

instruction event that may be furnished from the external l/F fdrthe apparatus, and the panel key event furnished by the 
: user's operation, as well as the inner control events, the process proceeds to execute the corresponding step when any 
40 one of such events occurs. 

[0108] For example, if a printing instmctibn : <^ is received from the external l/F in the step S4, the process pro- 
ceeds to step S5. If a power source key event occurs in the step S4 by the user's operation, the process proceeds to 
step S10. If any other events should occur in the step S4, the process proceeds to step S11. 

[0109] Here, in the step S5, the printing instruction from the external l/F Is analyzed to determine the designated 
45 kind of paper, size of the paper sheet, print quality, feeding method, and some others. Then, the data. that carries the 
results of such determination are stored on RAM E2005 in the apparatus main body, and the process proceeds to step 

[0110] Then, in the step S6, the paper feed is initiated by the pape^ feeding method designated in the step S5, and 
the paper sheet is carried to the record starting position. Thus, the process pro 
so [01 1 1 ] ; In the step S7, recording is performed. In this recording operation, the recording data, which have been 
transferred by way of the external l/F, are provisionally stored on the recording buffer. Then, the CR motor E0001 is 
driven to initiate moving the carriage -M^oi; In the sinning direction, and at the same time, the recording data stored 
on the printing buffer E201 4 are supplied to the recording head H1001 for recording one-line portion. When the record- 
ing data of the one-line portion are recorded completely, the LF motor E 0002 is driven to rotate the LF roller M3001, 
55 thus carrying the in the sub-scahning direction. After that, the aforesaid operations are repeatedly executed 
, until the 'r^^^ng.<teta ofbne'rpage portion, which are provided by way of the external l/F, are completely recorded, and 
' : : then;.;th> -^ : rbc^'^rooeefds to' step S'8". 
.,.[01.12] :^kta.tb^.atep."SS < the LF motor E0002 is driven to.drive the sheet exhaust roller M2003. to repeat paper feeding 
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until it Is ascertained that the paper sheet has been sent out of the apparatus completely. With this, then, the paper 
sheet is completely exhausted onto the exhaust tray M1 004a 

[0113] Then, in step S9, it is ascertained whether or not the recording operation is completed for all the pages to 
be recorded, if there are more pages to be recorded, the precess returns to the step S5 to repeat the operations in the 
5 step S5 to the step S9, When the recording operation on all the designated pages Is completed, the recording operation 
terminates, and tfe 

[0114] Meanwhile, m step SI 0, trie printer finish process is carried out to suspend the operation of the apparatus. 
In other words, the power source is conditioned to be turned off. Then, after having turned off the power source, the 
process proceeds to the step S4 where it warts for the next event 
io [0115] Also* in step Sl l , the events other than those described above are processed. For example, a process is 
executed for a recovery insto^ 

event occurring inside the apparatus itself, among some others, in this respect, after such instruction is completely exe- 
cuted, the process proceeds to the step S4 where it waits for the next event 

[01 16] Now, the description: will be - made furthef ^ ^P£p^ structure of the recording head H 1001 

is described above, which serves as a liquid discharge head in accordance With the present invention- 

[0117] Fig 11 is a view which shows the outer appearance of an ink jet head 11, that is, the recording head H1001 
in accordance wfth:the; present embodiment Fig. 12A and Fig. 12B are broken sectipha! views Which illustrate the heat 
generating base plate 1 2 serving as the recording elementaTbase plate H one 
of the ink chambers 1 3, and;Fig. 14 shows the structural S Rg. 
20 15 is an extracted and enlarged view which shows a portion of the electrothermal transducing element 14* and Fig. 16 
is a cross-sectlorial view taken along line 1 6-1 6 indicated by arrows in it In other words, the heat generating base plate 
12 is manufactured using Si wafer of 0.51 mm thick, for example, and the six thin and long Ink supply ports 15 (H1201), 
which are arranged to be in parallel to each other, are formed corresponding to the six colors to be used by this ink Jet 
... headiv . ^■r^;?. . ^> : • / : -, >■•-.. ;> £•/,. - :-;. : .V ... : . ^ 

25 [0118] For each of the ink supply ports 15, two lines of ink chambers 13 are formed with the corresponding ink sup- 
ply port 15 between them at predetermined intervals in the longitudinal direction of the Ink supply ports 15- Then, for 
each of the ink chambers 13, the electrdthermaJ transducing elements 14 are provided, and also, the discharge ports 
1 6 (H1 100T) for discharging Ink droplets are arranged to face the electrothermal transducing elements 14, respectively 
[0119] In accordance with the present embodiment, the two lines of discharge ports 16, which are parallel to each 
30 other with the ink supply port 15 between them, are arranged in the so-called zigzag form where the discharge ports 
thus lined are displaced at naff pitches from each other. Then, the ink chambers 13 corresponding to each line of the 
discharge ports 16 are arranged at intervals of 600 dpi, respectively. As a result, the intervals between the discharge 
ports 16 arranged in the longitudinal direction of the ink supply ports 15 are apparently in a state of being arranged in 
as high density as 1 ,200 dpi; /Also; the electrode ^ 1 7 formed' by the efe .transducing elements 1 4 and 

35 Al or the like, through which electric power is supplied to the electrothermal transducing eiemehts 14, is formed on the 
surface otSl w^r by means of fi Im formation technologies and te^ 171s 
formed by Au or the like to configure the bumps 18 which are extruded from the surface Of the heat generating base 
. plate 12. 

[01 20] The electrothermal transducing element 1 4 of the present embodiment^ layer 
40 1 9 formed by TalSl; TaSiN r orTa^AI, for examplef which is not covered by the electrode wiring 17 formed Al or the like. 
This element has a sheet resistance value of 53 £1 Also, The electrothermal transducing elements 14 and the electrode 
Wirings 17 are covered by a protection layer 20 formed SilSI In a thickness of 4.000A. Further, a cavitation proof iayer 21 
formed by Ta Is provided in a thickness of 2,300A by means of film formation for the surface of the protection layer 20 
on the electrothermal transducing elements 14. 
45 [0121] the ink supply ports 15 are formed by means of anisotropic etching by utilization of the crystalline orienta- 
tion of the Si wafer which is used as the heat generating base plate 12. In other words, when the surface of the Si wafer 
is (100), while the ^; crystalline orientation of (111) is given in the thickness direction thereof, etching is carried out for a 
desired depth with the selectivity of etching directions using alkaline anisotropic etching solution, such as KOH, tetram- 
ethyl ammonium hydro-oxide (TM AH) or hydrazine Also, Ink chambers 13 arid discharge ports 16 are formed by use 
so of photolithographic techniques Then, With the electrothermal transducing element 1 4 being energizeaV an ink droplet 
of 4 picdliters is discharged from the discharge port 16. 

[0122] In accordance with the embodiment described above, the discharge port 16 has a circular section. However 
the discharge port may be In the form of a polygon, such as a rectangle or a star (shown at i6a In Rg 12B) 
[0123] Fig 17 is a view which shows the structure of an Ink chamber 13 portion of a liquid discharge head in 
55 accordance with another embodiment of the present Invention described above, and Fig. i 8 is a cross-sectional view 
which shows the structure thereof, taken along line 18 18 Indicated by arrows in it in this respect, the same reference 
marks are applied to the same functional members as those appearing In the previous embodiment. Any repetitive 
descriptions wiil be! omitted. In other! words, a rectangular discharge port .16 faces an electrothermal transducing. ele- 
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ment 14 configured to be arectangte one side of which is .28 jirri; OTdthe discharge port 16 thus arranged Is formed to 
face an ink chamber 1 3. One side of the discharge port 1 6 is set at 24 urn. The distance L, which is from the surface of 
•the ^V'rfetionV^robf • iaVeV'Sl^see Fig. 16) to the pis^harge pp where each of the discharge ports 16 are 

open, is 28 urn; the width Wc and the height H of the ink chamber 1 3 iare 32 urn and 1 5 urn. respectively, and the width 
s We of the edge wall 23 of the ink chamber 13 and the distance O frorh the edge wall 23 to the center of the electrother- 
mal traredu^^^ 

[0124] : i Here, in accordance with the present embodiment, one side of the electrothermal transducing element 14 
on the Ink supply port 15 side is in agreement with the end portion of the ink chamber 15 having a specific width Wc, 
and at the same time, the centers of the electrothermal transducing element 14 and the discharge port 16 are in agree- 
to ment with each other. Therefore, in the state shown in Fig. 1 7 T the distance S, which is from one end portion of the edge 
wall 23 in the width wise direction to the corner portion of the discharge port 16, is approximately 4.2 urn. 
[0125] For the electrothermal transducing element 14, the driving frequency is 10 kHz, the driving voltage is 1 5.5V, 
and the driving pulse width is 1.0 us so as to enable one discharge port 16 to perform discharging per approximately 
100 us at the minimum. Here, when one discharge port 16 discharges one main ink droplet, the ele<^othermal trans- 
is ducing element 14 is driven by a single rectangle driving-pulse as shown in Fig; 19. If plural driving pulses are applied, 
as shown in Fig. 20, to the electrothermal transducing element 14 in order to let one discharge port 1 6 discharge one 
main Ink droplet, the ink temperature rises in the vicinity of the electrothermal transducing element 14 by the driving 
pulse given for the first time This tends to create the small bubble that may cause instable bubbling. The stability of bub- 
bling is higher w^ made by the application of a single driving pulse as shown in Fig. 19. 
20 [0126] Fig 21 is a view which shows the driving circuit of the electrothermal transducing element 14 in accordance 
; with me present emlaocfimeht Here; to;^ transducing element 1 4, an NMOS type power fensistor 24 
is connected, which has a better switching characteristic than that of the bipolar type transistor with respect to the driv- 
ing signals received by the ink Jet head 1 1 The NMOS type power transistor 24 is incorporated on the heat generating 
base plate 1 2. It is possible for the NMOS type power transistor 24 to obtain the better switching c^araderistic than the 
25 bipolar type transistor, because the driving pulse width is as short as 1.0 u^ 

[0127] Also, for the present embodiment, ink having the following composition is supplied to the ink jet head 11: 



thiodiglycol 


5:o% 


glycerin 


5.0% 


urea 


ffecte- -;\:V; 


is op ropy! alcohol 




acetynoi solution 


^M : ;i:; : .y. 


direct blue if 9 
water 


;2.5% ,' 

remaining portion, 



[0128] The evaluated results of displacement accuracy and viscous plug properties of ink droplets, which are 
obtained by comparison between the embodiments and the comparative examples, are shown in the Table 1 given 
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[0129] For the embodiments and comparative examples shown in the Table 1 , ail the input energy for the electro- 
55 thermai transducing element i 4 is adjusted to be equal; More specifically, although the voltage applied to the terminals 
of the head are as per "driving voltage" shown in the iabje 1, the voltages applied to the electrothermal transducing ele- 
ment 141s 10.48V for the embodiments 1 and 2 and the comparative example 1, 7,44V for the comparative example 2, 
and 13.52V for the embodiment 3 because of the wiring resistance on the heat generating base plate 12, and the ON 
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resistance of the NMOS type power transistor 24. As a result, ail for the emboaTrnents and comparative examples, the 
: . ir^^ne^ 

[0130] The plane dimension of the Ink chamber 1 3 of the comparative example 1 is the same as the other exam- 
ples, but the distance L from the surface of the cavitation proof layer 21 to the discharge port surface 22 is made larger 
5 Wrthi n th e rah of bu bbl e bei n g cb r^mu nic»ted With the >air outsi d e. If this distance^ is simply made smaller, the devi- 
ation of discharge direction becomes greater due to the fluctuation of bubbling initiation time on the surface of the elec- 
: trotherrr^lWrtsducing element 14 thus, for the comparative example s for which the diving pulse width is set at 2 us, 
the c^pl^mlent accuracy of Ink droplets is lowered than the other examples in the arrangement direction of the dis- 
i . charge ports 16.- •: .-.*" : - : ""' .'\ ■ y-., ''?:^V:- : .'V "'. . 

w [0131] On the other hand D the aforesaid distance L is 28jim for the embodiments 1 to 3, but the displacement accu- 
racy' thereof is keptin because the driving pulse width is set at 0.6 ^ respectively. If the driv- 
ing pulse width is made smaller, it becomes possible to implement the enhancement of displacement accuracy by the 
stabilized bubbling. This becomes more effective whe 

[0132] In this respect, as shown in Fig. 15, it is preferable to set the direction in which the electrode wiring 17 
15 extends in the direction orthogonal to the arrangement direction of the discharge ports 1 6 (in the left and right directions 
in Fig. 15) With this arrangement even when the driving pulse width is as small as 1 .2 us, it becomes easier to raise 
the temperature of the electrothermal transducing elements 14 evenly in the arrangement direction of the discharge 
ports 16, which is orthogonal to the electrode wiring, thus improving the instabiiity of displacement accuracy of ink drop- 
lets which may sometimes appear as the "white streaks" on a printing medium at the time of printing operation in the 
20 arrangement direction of the; discharge ports 16. 

[0133] As regards the ink viscous plug properties, it has been ascertained that the embodiments 1 to 3, and the 
comparative example 3 carry out printing operation normally. However, the comparative example 1 does not present 
honhal result Conceivably, this is because whereas the distance L is as large as 38 

lowered due to the driving pulse width which is as comparatively small as 1 .0 \is, which makes it impossible to smoothly 
25 discharge the ink whose viscosity has increased in the area between the ink chamber 13 and the discharge port 16. 

Therefore, if the driving pulse width is at 1 .2 us or less, it is desirable to make the distance L 34 um or less. 

[0134] As dear from the aforesaid results, if the thickness of the covering layer on the electrothermal transducing 

element is 6,300A (the thickness of the SiN protection layer 20 being 4,000A), it becomes possible to enhance the dis : ; 

placement accuracy of ink dir^lets, while keeping ^e viscous plug pro setting the 

30 distance L at .34 ujti or less, and arranging the single driving pulse whose driving pulse width is as small as 0.6 us to 

[0135] In this respect, it is preferable to form both corners of the edge wall 23 of the ink chamber 1 3 at ah obtuse 
angle, which facilitates a bubble to flow out better. 

[0136] Fig 22 is a view which shows the plane structure of the ink chamber 13 portion in accordance with another 
35 embodiment of the present invention, and Rg. 23 is a cross -sectional view which shows this structure taken along line 
23-23 in it Here, the same reference marks are applied to the portions having the same functions as those of the pre- 
vious embodiment, and any repetitive description will be omitted. In other words, the present embodiment makes it pos- 
sible to operate printing at pitches of 1,200 dpi by use of an ink jet head 1 1 which scans in the direction orthogonal to 
the arrangement direction of the discharge ports 16. 
to [0137] The driving frequency of the electro^ ink is discharged per 

approximately 67 jis at the minimum intervals for one circular discharge port 16 of 7.75 jim radius. For the electrother- 
mal transducing element 14, Tan Is used with a sheet resistive value bf 53 a The protection layer 20 is formed by SiN 
in a film thickness of 2,000A or3,000A, Also, the Ta cavitation proof layer 21; Is formed in a film thickness of 1 ,6o6A or 
2.300A. 

45 [0138] The electrothermal transducing element 14 is a rectangle of 24 x 24 u^» the distance L from the surface of 
J the ^ the wicrth Wc of the ink chamber 13 and the 

height H thereof are 32 pun and 13 um, respectively; and the width We of the edge wall 23 of the ink chamber 13 is 24 
jimi The <x>rhers 25 of both end of the cul-de-sac edge wail 23 in the Widthwise direction are chamfered each in 2 u/n 
width and smoothly connected with each other. The distance S between the caners 25 and the circumferential edge of 

so the discharge port 16 is approximately 8 8 ujti: Then, with the discharge port 16 being circular, this distance is larger 
than that of the previous embodiment All other dimensions are the same as those of the previous embodiment 
[0139] Also; the driving pulse of this Ink jet head 1 1 is the single rectangular pulse the width of which Is 0.6 \xs or 

* ; : : : -r : \V;i;2 ; jis: : : : ,: : - ; ; • ' : '• •; • . . . 

. . [dt^j : ; . As in the previous embodiment the evaluation is made as to the ^ displacement accuracy and viscous plug 
55: /properties of Ink droplets! The results are shown In the Table 2 given below. Unit and other details are the same as those 
. : : '. jh the previous case.The unit of input energy is uJ. The unit of the input energy per unit area of the electrothermal trans- 
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[0141] Studies are made with the driving pulses as parameters by changing the driving voltages applied to each of 
the ink Jet heads 11. As in the embodiment 6 and the comparative example 3 where the film thickness of the covering 
layer is the same, it is arranged to make the input energy equal for the electrothermal transducing elements 14 by 
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changing the driving votteg^ 

[0142] Fig 42 is a gfraph which shows the relationship between the driving pulse widths for electrothermal trans- 
ducing elements 1 4; and the rfispls^ment accuracies of irik dro^ets on a printing medium in the arrangement direction 
of discharge ports 16 for the embodi ments 4 and 6, and the cximparaWe example 4: In other words, for the comparative 
example 4 the film thickness of the covering layer of which is 1 0.300A (the film thickness of the protection layer 20 being 
8,000A), the displacement accuracy is not improved even whenthe driving pulse width is made smaller. However, for 
the embodiment 4 and embodiment 6 the film thickness of covering layer of which is 5, 300 A or 6,300A (the film thick- 
ness of protection layer 20 being 3.000A or 4,000A), the displacement accuracies become better. 
[0143J Here, as described earlier, it is preferable to set the direction in which the electrode wiring extends in the 
direction orthogonal to the arrangement direction of the discharge ports 16 (in the left arid nght directions in Fig 15), 
because then the displacement accuracy of ink droplets is more enhanced in the arrangement direction of the dis- 
charge ports 16/ Particularly with the driving pulse width being 12 us or less, the displacement accuracy becomes 
more stabilized 

[0144] For the comparative example 4 the film thickness of the covenng layer is 1 0 e 300A (the film thickness of the 
protection layer 20 being 8000A) : the sum of film thickness of the cavitation proof layer 21 and that of the protection 
layer 20 is great and as compared with the example where the protection layer 20 is made thinner, the input energy 
and input energy per unit area of the electrothermartransducirig element 14; which are needed to enable it to reach the 
temperature at which ink W bubbled, are as high as 0 0037 uJ/Um 2 as sh 2 Consequently, the temper- 

ature at which the electrothermal transducing element 1 4 itserf arrives u Iti mate ty becomes higher than the temperature 
for the example having the protection layer 20 whose film thickness is thinner. Thus, the temperature of the protection 
layer 20 and the cavitation proof layer 21 in the vicinity of the electrothermal transducing element 14 are raised, and 
then, ink viscosity in the electrothermal transducing element 14 is made lower. Here, the el exothermal ^nsducing ; 
element 1 4 is subjected to being affected easily by the steps or irregularities around it to make bubbling instable, As a 
result, there is a tendency that bubbling for use of discharges become instable. Conceivably, this causes the displace- 
ment accuracy not to be improved for the comparative example 4. 

[0145] For the comparative examples 3 and 4, the corner bubbling is subjected to being easily created to make the : 
liquid discharged Instable. In contrast, no comer bubbling is created for the embodiment 4, and the resultant discharge 
of liquid is stabilized. In this way, the input energy per unit area of the electrothermal transducing element 14 is made 
0.0027 uJ/um 2 or less, and ink is discharged by the application of the single pulse whose pulse width is 0.6 us to 1.2 
\is, thus eliminating the factors that bring the instable bubbling in the vicinity of the electrothermal transducing element 
14 for the enhancement of displacement accuracy. 

[0146] Also, for the embodiment described above, the thickness of the Si N protection layer 20 having high heat 
transferability is made smaller, but it may be possible to arrange the structure so that the film thickness of the Ta cavi- 
tation proof layer 21 is made smaller in order to discharge ink with the input energy of 0.0027 uJ/um 2 or less per unit 
area of the electro-thermal transducing element 14; More specifically, even when the thickness of the covering layer is 
made 3,000A (the thickness of the cavitation proof layer 21 being 1,000A) as in the embodiment 7, the displacement 
accuracy: and bthere are in good c^ 

[0147] The unexpected non-discharge is studied In accordance with a 50% zigzag pattern, and using the A-4 sized 
printing medium placed in the vertical direction one-pass printing is executed Whereas the unexpected non-discharges 
have occurred in some of the discharge ports 16 per one printing medium for the comparative examples 3 to 6, there 
have occurred none of them for the embodiments 4 to 7; 

[01 48] The amount of meniscus retraction is actually measured after a bubble has been communicated With the air 
outside from the front end of discharge port 16 through the transparent plate having discharge ports arranged thereon. 
Fig. 24 shows this state, and Fig 25 shows the sectional stroctu re thereof taken along fine 25 25 indicated by arrows 
in ft Here, only using the same reference marks to the members having the same functions in the previous embodiment 
any repetitive description will be omrtted. It takes approximately 10 \is for the embodiment 4 to enable the ink meniscus 
26to!ajTwe at the edge of the discharge port 1 6 from the position P where the meniscus has retracted most; approxi- 
rinate^ 4. This is because the com- 

parative example 4 has a large input energy for the electrothermal transducing element 14, and the viscosity of ink is 
lowered in the vicinity of the electrothermal transducing element 14 due to the temperature rise of ink in the vicinity of 
the electrothermal transducing element 14, hence the amount of meniscus retraction becoming larger to require more 
time for the meniscus to return. In contrast, the ^ amount of meniscus retraction is smaller for the embodiments 4 and 6, 
which conce'rvably facilitates them to return quicker. As a result, the unexpected non-discharge is suppressed for the 
embodiments 4 and 6. Also, it is observed that with the stabilized discharges for the embodiments, the adhesion of ink 
droplets to the surface near fredschar^i ports is smaller for the embodiments than the comparative examples. This 
also contributes to suppressing the unexpected non-discharges therefor 

[0149] Also, regarding the viscous plug properties of Ink* normal printing is carried out for the embodiments 4 and 
6 even when the viscous plugging occurs, but not the comparative example 6 Conceivably, this is because the distance 
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L is too long, while the driving pulse width Is comparatively small, which results in the lower discharge speed of ink to 
make its viscosity higher to disable ink discharges. Therefore, it is desirable to set the distance L at 34 u,m or less as in 
. • the embodiment 2. i : 

[0150] As described above, with the thickness of the covering layer being set at 6,300A or less, as well as the input 
s energy bejng 6.0027 uJ/u^: or less per unit area of the electrothermal transducing element 14, and the driving pulse 
being the single i pulse whose ^ te 1.2 us or less, it becomes possible to suppress the creation of corner bubble 

stebHizing bubbling, and obtain a head enable of suppreSsih<g the Unexpected hon^discharge. Further, with the dis- 
tance L being as small as 34 um or less, it becomes possible to enhance the viscous plug properties of ink 
[0151] For the embodiment described above, the protection layer 20 and the cavitation proof layer 21 are laminated 
to on the electrothermal transducing element 14. Howeyen it may be possible to use an electrothermal transducing ele- 
ment formed by TaAl or the like. Then, the protection layer 20 is eliminated. This is also effective. In this case, the dis- 
tance L is defined as a gap between a discharge port and the surface of an electrothermal transducing element 14. 
[0152] Now, the description will be made of the case where printing is made by the ink jet head 1 1 at pitches of 
2,400 dpi, while scanning it in the direction orthogonal to the arrangement direction of the discharge ports 16. In this 
is case, the driving frequency of the electrothermal transducing element 14 is 30 kHz, arid from one discharge port 16, 
discharge is made per approximately 33 jis at the minimum. For the electrothermal transducing element 14, TaSiN is 
used with its sheet resistive value of 100 & The protection layer 20 is formed by SiN whose film thickness is 3,000A. 
Further, Ta is used for the cavitation proof layer 21 in a film thickness of 2.300A. 

[0153] The dimension of the electrothermal transducing element 14 is 1 7 x 1 7 um in rectangle. The distance L from 
20 the surface of the cavitation probf Ia^er2t to the surface of discharge port 22 is 16 um and i22 um The length of one 
side of the electrothermal transducing element is approximately 0.941 times and approximately 1.294 times* respec- 
tively, the height H of the ink chamber 13 is 12 um Th e discharge port 16 is circular, and the radius thereof Is 5.75 urn. 
The distance S from the edge thereof to the one side end of the edge wall 23 is approximately 9.8 um. Ail the other 
dimensions are the same as those of the previous embodiment 
25 [0154] As regards the displacement accuracy and viscous plug properties of ink droplets in accordance with the 
embodiment described above, evaluation is made with the result as shown in the Table 3 given below. The unit and 
..: other items are the same as the previb 

30 Table 3 





Embodiments 


Embodiment 9 


Comparative Example 7 


Comparative Example 8 


Dimension of electro- 
thermal transducing ele- 
ment (urn) 


17x17 


17X17 


17x17 


17x17 


Distance L to discharge 
port surface (fim) 






22 


. ■• 22/ : v.' : :" 


Film thickness of cavita- 
tion proof layer (A) 




2300 


2300 


2300 : 


Rim thickness of protec- 
tion layer (A) 


3000 


^ 3000 


8000 


3000 / 


Input energy (uJ) 


; 0.73 


0.73 


1.14 


0.73 


Input energy per unit 
area (^/^ut^) 


0.0023 


0.0023 


0.0038 . 


0.0023 


Driving voltage (V) 




9.2 


12.0 


6:2 ■: • 


Driving pulse width (us) 


0.9 


//.•/ 0.9 


0.9 


" 2.0 


Ink droplet displacement 
accuracy (jim) 


4.1 


: V; -4^v --. - 


6.6 


6.9 


Presence of corner bub- 
ble 


No 


No 


Yes 


Yes 


Unexpected non-dis- 
charge 


None 


None 


Occurred 


Occurred 
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Table 3 (continued) 





Embodiment 8 


Embodiment 9 


Comparative Example 7 : 


: Comparative Example 8 


Ink Viscous plug proper 
ties 


Good: 


: Good 


\ Good 


Good; 


Overall evaluation 


Good 


'*/ . Good • 


;■}■■ '.] Bad'7- : 


/■• : -Baa !: ' 



[0155] For the comparative example 7 against the embodiment 8, the film thickness of protection layer 20 is set at 
ro 8.000A, and for the comparative example 8, the driving pulse width is set at 2.0 U5. When the film thickness of the pro- 
tection layer 20 is- the same; but the driving pulse width is different as in the case of the comparative example 8; it is 
arranged to ma^ the electrothennal transducing ete 14 equal to that of the embodiment 8 by 

changing the driving voltage. Whereas it is impossible to enhance the displacement accuracy of the comparative exam- 
ple 7, the thickness of the protection layer 20 of which is 8.000A, even by making the driving pulse width smaller, the 
75 displacement accuracy is keep in good condition for the embodiments 8 and 9 the thickness of the protection iayers-2d . 
of which is 3, 000A, respectively. 

[0156] For the comparative example 7, the covering layer that includes the cavitation proof layer 21 is thick There- 
fore, as compared with the example that has a thinner protection layer 20, the input energy for the electrothermal trans- 
ducing element 14 and the input energy per unit area, which are needed to enable ink to rise to the temperature at 
20 which ink is bubbled, are high as shown in the Table 3. Then, the resultant bubbling temperature of the electrothermal 
• transducing element i ^ high, hence raising the temperature of the protection layer 20 and cavitation 

proof layer 21 near the electrothermal transducing element 14 As a result, a bubble is affected by the steps and irreg- 
ularities on the circumference of the electrothermal transducing element 1 4, and a bubble is subjected to being created 
easily to make the bubbling instable Then, it is conceived that the displacement accuracy of the comparative example 
25 V 7 becomes 

[0157] Also, for the comparative examples 7 and 8, the corner bubble tends to be created to make the discharges 
instable. However, for the embodiments 8 and 9, bubbling is stabilized so as not to create a drawback of the kind 
[01 58] As regards the u riexpected non-discharge, the 50% zigzag patte rn is one pass printed using the A4-sized 
printing medium which is placed vertically as in the case of the previous embodiment The evaluation is made in the 
30 same manner as the previous embodiment Then, whereas the unexpected non-discharges have occurred with some 
of discharge ports- 16 on one printing medium for the comparative examples 7 and 8; there have been none of them for 
the embodiments 8 and 9. 

[0159] In this respect, when the distance L from the surface of the: cavitation proof layer 21 to the discharge port 
surface 22 is smaller than 1 .3 times the length of one side of the electrothermal transducing element 14, the resultant 
, 35/ viscous plug properties becomes comparatively favorable. Conceivably, this is because the larger the electrothermal 
transducing element 14, the higher becomes the discharge speed, which enhances the viscous plug properties more. 
Here, atthough the discharge speed of droplets is lowered particularly when the driving pulse is smaller, the ink viscosity 
resistance is made lower in the vicinity of the electrothermal transducing element 14 by making the distance L smaller. 
Conceivably, therefore, the resultant viscous; plug properties are improved still more; 
40 [0160] A liquid discharge head comprises discharge ports for discharging liquid; electrothermal transducing ele- 
ments arranged to face the discharge ports for generating thermal energy utilized for discharging liquid from the dis- 
charge ports; and a covering layer for covering the electrothermal transducing element, residing inclusively between the 
electrothermal transducing element and liquid. For this liquid discharge head, the gap between the discharge port and 
the surface of the covering layer is 34 u/n or less, and the thickness of the covering layer is 6,300A or less. Then, the 
45 elecfrothermal transducing element generates thermal energy of 0.0027 uJ/uin 2 or less by the application of single driv- 
ing pulse of 1 2 us Or less for creating film boiling in liquid to discharge liquids 
. atiori of liquid bubbling on the surface of the electrothermal transducing element is reduced to stabilize bubbling. 

Furthermore, since the resultant amount of meniscus retraction becorries smaller at the time of discharge, liquid can 
. return to the surface of the electrothermal transducing element quickly so that meniscus faces the discharge port, 
so hence making it possible to enhance the displacement accuracy of liquid droplets on a printing medium for obtaining 
.' ■. high quality: irhages eve executed at high frequency. 

Clatrhs • \ X - "' "• - C < ' - ; . '\^"v-" ; . 

55 1. A Rquid discharge head comprising: 

discharge ports for discharging liq 
.. .. . electrothejroaL to face said discharge. pprts.f or. generating them 
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llzed for discharging liquid from said discharge ports; and 
a covering layer for covering said electrothermal transducing element, residing inclusively between said elec- 
trothermal transducing element and liquid, 

wherein the gap between said discharge port arid the surface of said covering layer is 34 um or less, and the 
5 thickness of said covering layer is 6,300A or less, and said electrothermal transducing element generates ther- 

mal energy of 0,0027 jxJ/uJhr? or less by the application of single driving pulse of 1 .2 us or less for creating film 
boiling in liquid to discharge liquid from said discharge port 

2. A liquid discharge head according to Claim 1, wherein a bubble created by film boiling are communicated with the 
to air outside. 

3. A liquid discharge -head -ii^rcfiHg to Claim 1 , wherein the gap between said discharge port and the surface of said 
covering 1ey^ir^uB; : 't;]B* fjurn =«>r -nrion^;::. 

is 4. A liquid discharge head 'cfibb^id^^^ : Gla|m; 1-^-,^^eralh the thickness of said covering layer is 3.000A or more. 

5. A liquid discharge head according to Claim 1, wherein said covering layer is provided with a laminated structure, 
and a layer of said laminated structure on said electrothermal transducing element side is silicon nitride layer in a 
thickness of 4.O0OA or less. 

6. A liquid discharge head is provided ^ structure, 
and a layer of said! i^inated^ side is a layer containing Ta. 

7. A liquid discharge head according to Claim 1, wherein single rectangular pulse of 0.6 us or more is applied to said 
25 electrothermal transducing element 

8. A liquid discharge head according to Claim 1, wherein said electrothermal transducing element generates thermal 
energy of 0.0013 uJ/um 2 or more, ; 

30 9. A liquid di^ha^ according to Claim 1, wherein said el e<^rothermal transducing element is c be 
a square. 

10. A liquid discharge head according to Claim 9, wherein the gap between said discharge port and the surface of said 
covering layer is smaller by 1.3 times the length of one side of said electrothermal transducing element. 

35 .' ; '■ " ' . V : 

11. A liquid discharge head according to Claim 1 , wherein a liquid flow path wall having one end thereof in the form of 
a cul-de-sac is arranged^ and the cul-de-sac wall of said liquid 
path wall is srrioothly connected wfthtte path walls. 

ao 12. A liquid discharge head according to Claim 1 r further comprising 

NMOS type power transistor to electrbtherrhai transducing element 

13. A liquid discharge head according to Claim 1, further comprising: 

45 

wiring connected wrth said electrothermal transducing element, the arrangement direction of said wiring sub- 
stantially orthogonal to the arrangement direction of said discharge port. 

14. A liquid discharge head accord ng to ^ , wherein said discharge ports are arranged at least in two lines par- 
so allel to eac^ other, and deviated frO^ in the arrangement lines themselves. 

15. A liquid discharge head accorcfing to Claim 1, wherein the amount of droplet discharged from said discharge port 
is 15 picoliters or- less.. 

55 16. A liquid discharge head according to claim 1 , wherein liquid is ink and/or processing liquid for adjusting the printa- 
billty of ink to be discharged onto a printing medium. 

17. A liquid discharge head comprising: . .. . ! . 



22 



EF>1 078 757 A2 

discharge ports for discharging liquid; and ,J : 



charge ports, said electrothermal transducing elements being directly in contact with liquid, 
wherein the gap between said discharge port and the surface of said covering layer is 34 \um or less, and said 
5 electrothermal transducing element generates thermal energy of 0 0027 uJ/um 2 or less by the application of 

single. driving pulse of 1.2 u>s:qr less ^ discharge liquid from said discharge 

port. ' :" . V : .. .; . -V /• :: \. - 

18; A liquid discharge head according to Claim 17, wherein a bubble created by film boiling are communicated with the 
io air outside 

19. A method for driving a liquid discharge head provided with discharge ports for discharging liquid; electrothermal 
transducing elements arranged to face said discharge ports for generating thermal energy utilized for discharging 
liquid from said discharge ports; and a covering layer for covering said electrothermal transducing element, residing 

75 inclusively between said electrothermal transducing element and liquid, the gap between said discharge port and 
the surface of said covering layer being 34 uxnorless, arid the ^ layerbeing 6.300A or less, 

comprising the following step of: 

applying single driving pulse of 1 2 \xs or less to said electromential transducing element for generating the rmal 
20 energy of 0 0027 Uxl/urn 2 or less to create film bolDng in liquid for discharging liquid from said discharge port. 

20. A method for driving a liquid discharge head according to Claim 19, wherein a bubble created by film boiling are 
}: commuri^ 

25 21. A method for driving a liquid discharge head provided with discharge ports for discharging liquid; and electrother^ 
mat transducing elements for generating thermal energy utilized for discharging liquid from said discharge ports, 
: said electrothermal transducing elements being directly in contact with liquid, and the gap between said discharge 
port and the surface of said covering layer being 34 urn or less, comprising the following step of: 

30 applying single driving pulse of 1 .2 *is or less to said electrothermal transducing element for generating thermal 

energy of 0.0027 uJ/jim 2 or less to create boiling in liquid for discharging liquid from said discharge port. 

22. A method for driving a liquid discharge head according to Claim 21, wherein a bubble created by film boiling are 
communicated with the air outside. 
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23. A cartridge comprising; 



a liquid discharge head provided with discharge ports for discharging liquid; electrothermal transducing ele- 
ments arranged to face said discharge ports for generating thermal energy utilized for discharging liquid from 

ao said discharge ports; and a covering layer for covering said electrothermal transducing element residing inclu- 

sively between said electrothermal transducing element and liquid, the gap between said discharge port and 
the surface of said covering layer being 34 um or less, and the thickness of said covering layer being 6.300A 
or less, and by applying single driving pulse of 1 2 jis or less to said electrothermal transducing element for 
generating ^ energy of 0 0027 jiJ/u/Tri 2 or less to create film boiling in liquid for discharging liquid from 

45 ■ sald btecharge p^ 



24, A cartridge according to Claim 23 D wherein i a bubble created r^ film boiling are communicated with the air outside 
50 25. A cartridge ■ apTOrtfi n CI aim 23 , wherein said liquid tank is detachably mountable on said liquid discharge head. 
26. A cartridge comprising: 

a liquid discharge head provided with discharge ports for discharging liquid; and electrothermal transducing 
55 elements for generating thermal energy utilized for discharging liquid from said discharge ports, said electro- 

thermal transducing elements being directry in contact With liquid, and the gap between said discharge port 
and the surface of said covering layer beln^ 

to said electrothermal transducing element for generating thermal energy of ,0,0027 uJ/u/n 2 or less to create. 
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boiling in liquid for discharging liquid from said discharge port; and ... 
a liquid tank for storing liquid to be supplied to said liquid discharge head. 

27. A cartridge according to Claim 26, wherein a bubble created by film boiling are communicated with the air outside. 

28. A cartridge according to Claim 26, wherein said liquid tank is detachably mbuntable on said liquid discharge head. 

29. An image forming apparatus comprising: 

10 a liquid discharg discharge ports for discharging liquid- electrothermal transducing ele- 

rtierltsiiato 

said discharge ports; a covering layer for covering said eiectrothermal transducing element, residing inclusively 
between said electrothermal transducing element and liquid, the gap between said discharge port arid the sur- 
face of said coyenng layer being 34 um or less, and the thickness of said covering layer being 6 300 A or less, 
15 and 

a control unit for applying single driving pulse of 1.2 \xs or less to said electrothermal transducing element for 
generating thermal energy of 0.0027 uJ/u.m 2 or less to create film boiling in liquid for discharging liquid from 
■ said discharge port. '• 

20 30. An image forming apparatus according to Claim 29* wherein a bubble created by film boiling are communicated 
with the air outside. 

31. An image forming apparatus according to Claim 29, wherein said liquid discharge head is provided with a carriage 
for mounting said liquid head thereon to be able to move for scanning in the direction Intersecting with the carrying 

25 direction of a printing medium to receive liquid discharged from said liquid discharge head. . 

32. An image forming apparatus according to Claim 31 - wherein said liquid discharge head is detachably mbuntable 
on said carnage. 

30. 33. An image fq^ according to Cl^^ liquid discharge fiead is provided with wiring con- 

nected with said electrothermal^ element, and said winng is formed in the direction of scanning move- 

ment of said carriage. 



34* An irnage for^ng apparatus 
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a liquid discharge head provided with discharge ports for discharging liquid; and electrothermal transducing 
elements for generating thermal energy utilized for discharging liquid from said discharge ports, said electro- 
therrnal transducing elements being directly in contact with liquid, and the gap between said discharge port 
and the surface of said covering layer being 34 u/n or less; and 
AO a control unit for applying single driving putee of 12 u>sorless to said electrothermal transducing element for 

generating thermal energy of 0 0027 uJ/ujti 2 or less to create boiling in liquid for discharging liquid from said 
. discharge port 

35. An image forming apparatus according to Claim 34 f wherein a bubble created by film boiling are communicated 
45 with the air outside. . - : '; 

36. An image forming apparatus according to Claim 34, wherein said liquid discharge head is provided with a carriage 
for mounting said liquid head thereon to be able to move for scanning in the direction intersecting with the carrying 
direction of a printing medium to receive liquid discharged from said liquid discharge head. 

37. An image forming apparatus according to Claim 36, wherein said liquid discharge head is detachably mountable 
' on said carriage; V/ 

38. An image forming apparatus according to Claim 36, wherein said liquid discharge head Is provided with wiring cori- 
55 nected with said electrothermal transducing element, and said wiring is formed In the direction of scanning move- 
ment of said carriage. 
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